SYNOPSIS. The bright colored pigment cells of fishes and amphibians include xanthophores, erythrophores, and iridophores. Their ultrastructure and pigmentary composition are discussed. The role of the hypophysis in controlling both physiological and morphological changes of color in both groups is discussed. The nervous system may be involved in physiological responses of fish iridophores. The physiology of the amphibian iridophore is discussed from the point of view of its parallelism of response to that of the melanophore. Intermedin causes iridophores to contract as do several drugs; the effect of intermedin can be reversed by still other agents. Melatonin has no effect on iridophores. Xanthophores of some fishes and amphibians are induced to expand by intermedin. The morphological effects of intermedin at the organellar level are presented in terms of ultrastructure and pigmentary composition. The integrated response of amphibian dermal chromatophores to intermedin is described as a basic mechanism for change in color.
During the last few years a considerable amount of new information has been assembled concerning the nature of bright colored chromatophores of cold-blooded vertebrates including fishes Kamishima, 1964, 1966; Matsumoto, 1965; Matsumoto and Obika, 1968) , amphibians (Obika, 1963; Obika and Bagnara, 1964; Kawaguti, Kamishima, and Sato, 1965; Bagnara, 1966; Taylor, 1966; Setoguti, 1967; Bagnara, Taylor, and Hadley, 1968) and reptiles (Ortiz and WilliamsAshman, 1963; Breathnach and Poyntz, 1966) . Much of the data presented in these papers deal with the composition and cytology of xanthophores, erythrophores, and iridophores and thus make a valuable contribution to our basic knowledge of pigment cells. In marked contrast, the amount of information available about the control of these pigment cells is remarkably small. Recently, several studies on this subject have been made in our
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laboratory, but these are either as yet unpublished or still in press. In addition there is a certain amount of important data that has escaped attention concerning the lack of effect of various agents in the control of pigment cells. At the same time the literature on pigmentation includes papers that do not deal specifically with bright-colored pigment cells, but which make important incidental observations about their control. The present article is an effort to bring together all the information available about the control of brightcolored pigment cells of fishes and amphibians.
CYTOLOGY AND PIGMENTARY COMPOSITION
Before making any comments about the control of chromatophores it is necessary to establish both a common ground of terminology and a minimal background about the structure and composition of each type of chromatophore. The terminology used in this discussion is that presented earlier (Bagnara, 1966) based on the gross appearance of the chromatophore. In this scheme chromatophores that reflect light are called iridophores while those that are yellow or red are designated, respectively, xanthophores or erythro- 
friduphores
The reflectance characteristics of iridophores are based upon the presence of organelles which Taylor has designated "reflecting platelets" (see Bagnara, 1966, p. 202) . These flat-appearing organelles fill the iridophore where they are usually found as series of oriented stacks (Fig. 1) . Bagnara and Stackhouse (1961) demonstrated that amphibian iridophores utilize the purines, guanine, hypoxanthine, and adenine as their principal pigments, and Taylor (1967) has confirmed the presence somes (MS) are obvious. Xanthophores (X) containing ptcrinosomes (I'T) and carotenoid vesicles (CV) are above iridophores. X 5,250 of these compounds in crystal-like bodies that presumably comprise the reflecting platelets. Such "reflecting platelets" have been demonstrated in iridophores of several species of amphibians (Kawaguti, Kamishima, and Sato, 1965; Taylor, 1966 Taylor, , 1967 Rosenthal, Ganote, and Beaver, 1966; Setoguti, 1967; Bagnara, Taylor, and Hadley, 1968) and in those of fishes Kamishima, 1964, 1966) .
Xanthophores and Erythrophores
Yellow, orange, or red coloration is usually imparted by xanthophores or erythrophores that utilize pteridines and carotenoids as fundamental pigments (for literature, see Bagnara, 1966) . In an elegant study of the erythrophores of the swordtail, Xiphophorus helleri, Matsumoto (1965) has demonstrated that pteridines are contained in an organelle which he designated the pterinosome. Subsequently, this organelle has been demonstrated in the goldfish (Matsumoto and Obika, 1968) as well as in a variety of amphibian species (Taylor, 1967; Bagnara, Taylor, and Hadley, 1968) . With respect to carotenoids, Matsumoto (1965) considers that they are associated with the smooth endoplasmic reticulum while others (Bagnara, 1966; Bagnara, Taylor, and Hadley, 1968 ; Rosen thai, personal communication) consider that they are present in vesicles distributed uniformly between the pterinosomes. In the swordtail, carotenoids are concentrated toward the center of the erythrophore while pteridines are largely located peripherally (Goodrich, Hill, and Arrick, 1941; Matsumoto, 1965) . Among amphibians, not all xanthophores or erythrophores contain carotenoids, (Obika and Bagnara, 1964) .
PHYSIOLOGICAL COLOR CHANGE
The capacity of chromatophores to expand or contract rapidly, that is, to disperse or concentrate their pigment granules, is the basis for "physiological color change" whereas "morphological color change" results from an increase or decrease of pigment in the integument (Parker, 1948, Chap. 8) . Physiological color change is generally mediated by hormones or by the nervous system and is thus responsible for rapid changes in color.
Iridophores
Relatively little is known about the control of iridophore responses among fishes. The majority of our recent information comes from the thorough study of the reflecting cells of Bathygobius by Fries (1958) . Responses of iridophores to changes in background essentially parallel those of melanophores. On a pale background iridophores are expanded and melanophores are contracted; the reverse is true on dark backgrounds. Pigmentary responses to background are not markedly altered by hypophysectomy; however, denervation of fin rays leads to the appearance of a dark band in which iridophores are contracted. In such denervated fins responses of iridophores conform to those of melanophores except that they are in the opposite direction. The injection of epinephrine brings about questionable expansion of iridophores of Bathygobius but a definite response of those of Leptocottus armatus. The latter response is in agreement with the results of Odiorne (1933) who found definite expansion of iridophores of epinephrine-treated Fiindulus heteroclitus. Similarly, administration of ergotamine exerts an iridophore-expanding effect in Bathygobius. Altogether, these data led Fries to the conclusion that the role of hormonal factors in controlling physiological responses of iridophores is probably subordinate to other factors such as nervous ones. He emphasizes, however, that it is premature to make any broad generalizations in this respect.
Intermedin and Intermedin-Like Responses
In contrast to those of fishes, the physiological responses of amphibian iridophores are clearly known to be under endocrine control. This was first suggested by the observations of Smith (1920) who revealed that hypophysioprivic tadpoles are silvery in appearance because they are covered with many expanded iridophores. Subsequent studies on amphibian larvae (Swingle, 1921; Smith and Smith, 1923; Allen, 1930) suggested that the pars intermedia controls the responses of iridophores. That this is also the case in adults was derived from the investigations of Hogben and Winton (1924) Pieroni, and Murray (1954) who showed that the expanded iridophores of hypophysectomized adult Bufo arenarum contract under the influence of an intermedin preparation. Conclusive evidence that intermedin is the hypophyseal agent in control of iridophoric responses was derived from experiments on hypophysioprivic tadpoles (Bagnara, 1958) which showed that following the administration of a variety of partially purified hypophyseal preparations, contraction of iridophores always parallels expansion of melanophores. Finally, it was demonstrated that "pure" intermedin preparations cause contraction of iridophores in isolated pieces of skin from adult Rana pipiens that are maintained in Ringer's solution . In all cases, contraction of iridophores is always preceded by or accompanied by expansion of melanophores. This was also the case for an investigation (Bagnara, 1964a) in which a series of synthetic intermedin peptides, from a pentapeptide to the complete molecule, were injected into hypophysioprivic tadpoles. It was implied from these experiments that both melanophoric expansion and iridophoric contraction are mediated by the same part of the intermedin molecule; or, as we have stated more recently (Bagnara, Hadley, and Taylor, 1969) , it is suggestive that both types of chromatophore possess the same receptor sites for intermedin (melanocyte-stimulating hormone, MSH). Recently, attempts to study more fully the parallelism between the responses of FIG. 3 . In vitro response of chromatophores of R. pipiens in Ringer's solution containing caffeine, photographed at the edge of a spot. Iridophores these two types of chromatophore have been facilitated by the realization that the classical in vitro reflectance method (Shizume, Lerner, and Fitzpatrick, 1954) for measuring pigmentary responses is based upon the integrated response of these cells . In other words, the reflectance value obtained in this assay may depend upon the physiological state of both melanophores and iridophores (Fig. 2) . Thus far, it has been indicated that intermedin preparations cause parallel responses of these two types of chromatophore. It should be emphasized that by the use of the in vitro method, it can be shown that agents other than intermedin exert a similar effect. The following data were obtained largely from studies on skins of adult it. pipiens. are contracted to the punctate state. Melanophores are well expanded, x 170
The methylxanthines, caffeine and theophylline, clearly cause iridophores to contract (Fig. 3) . However, unlike the action of intermedin, which stimulates iridophores to respond more slowly than melanophores, that of the methylxanthines is such that melanophoric response in the interspot areas of R. pipiens lags behind that of iridophores. Cyclic 3', 5'-AMP at high concentrations has been reported to stimulate melanophores of R. pipiens (Bitensky and Burstein, 1965; Novales and Davis, 1967) . We confirm this and point out that at the same time it also causes iridophores to contract. The total darkening effect induced by cyclic 3', 5'-AMP is often quite minimal; however, that caused by dibutyryl cyclic 3', 5'-AMP which similarly affects both melanophores and irido- phores is quite prominent (Fig. 4) . The specificity of. this response is demonstrated by the fact that neither cyclic 2', 3'-AMP nor 5'AMP darken skins. Colchicine also causes iridophores to contract; it was reported previously to cause melanophores to expand (Wright, 1955) . The effect of colchicine can be accelerated by adding in termed in, but it cannot be leversed by transferring skins back to Ringer's solution; neither the contraction of melanophores nor the expansion of iridophores ensues (data of Hadley).
Reversal Of The Inlermedin Response
The action of the substances described above essentially parallels the intermedin response by causing a darkening of the skin through both the contraction of iridophores and the expansion of melanophores. Another group of substances lightens skins previously darkened by intermedin treatment. Among these is acetylcholine which clearly reverses the effect of intermedin on both iridophores and melanophores ; moreover, if skins are pre-incubated in acetylcholine before the administration of intermedin, neither melanophoric expansion nor iridophoric contraction will result. The administration of atropine, either before or after darkening with intermedin, blocks the response of iridophores to acetylcholine. It appears that iridophores possess cholinergic receptors which when stimulated cause expansion of iridophores. Considering the origin of iridophores from neural crest (DuShane, 1938) it is not too surprising that these cells are responsive to neurotransmitter agents just as are melanophores. The catecholamines, norepinephrine and epinephrine, also lighten skins darkened by intermedin. We have found that this response is often quite minimal, resulting primarily from expansion of iridophores (Fig. 5) . Some melanophores of the interspot area may contract, but those in the spot area do not appear to be affected by epinephrine. If skins are first preincubated in ergotamine (an alpha adrenergic blocking agent) and then are darkened with the intermedin, the administration of these catecholamines fails to lighten the skins. It is suggested that this alpha adrenergic blockade involves blockage of adrenergic receptors contained by the iridophores. The agent most potent in reversing the effects of intermedin is 3, 3', 5-triiodo-DL-thyronine (other thyroxine analogs have not been used) (Fig. 5) . It causes both complete re-expansion of iridophores and re-contraction of melanophores at concentrations of 10~5 M. At 10"° M its effect of lightening intermedindarkened skins is about equal to the best lightening effect induced by norepinephrine. Contrary to the report of Chang (1957) who concluded that the lightening action of thyroxine on Xenopus laevis tadpoles stems from the inhibition of release of intermedin from the hypophysis, it is obvious that the effect we have observed operates directly at the level of the skin.
Differences In The Response Of Iridophores And Melanophores To Melatonin
In the groups of experiments just de- scribed, the various agents used affect both iridophores and melanophores; in one, the effects of intermedin are essentially mimicked and in the other the effects of intermedin are reversed. Using melatonin, another well-known melanophore-stimulating agent (Lerner and Case, 1959; Bagnara, I960, 1963) , this parallelism between response of iridophores and melanophores breaks down. Iridophores under no circumstances are sensitive to melatonin (Bagnara, 19646) . The expanded iridophores of hypophysioprivic R. pipiens larvae remain expanded when larvae are either treated with melatonin or are placed in the dark. Moreover, the contracted iridophores of intermedin-treated hypophysioprivic larvae are not changed by either placing the animals in darkness or by administering melatonin to them, conditions which do, however, contract the melanophores. These observations, incidentally, have been used to show that the well-known blanching effect exhibited by larvae in darkness does not operate through a mechanism by which melatonin prevents the pars intermedia from releasing intermedin. A similar lack of response of iridophores to melatonin was shown on isolated skin of adult R. pipiens (Hadley, 1966) ; this agent is without apparent effect on iridophores of skin maintained either in Ringer's solution or in Ringer's solution containing intermedin.
Except for the action of hormones or pharmacological agents, no other mechanisms for stimulating iridophores of amphibians have been demonstrated. The question of direct nervous control of amphibian chromatophores is, in our minds, still an open one. We know of no studies concerned with innervation of iridophores, although the question of nervous control of melanophores has been taken up (for literature, see Parker, 1948) .
Xanthophores and Erythrophores
That xanthophores and erythrophores of fishes are under hypophyseal control has been known for many years, in fact, the name, "intermedin," takes its origin from the classic papers of Zondek and Krohn (1932 a-d) which explained that this hormone causes the erythrophores of the European minnow, Phoxinus phoxinus, to expand. Subsequently, an array of publications has dealt with the influence of the hypophysis on xanthophores or erythrophores of a large number of teleostean species. In view of the thorough review of the literature on this subject that has been compiled so capably by Pickford and Atz (1957, p. 52 and Table 12 ) the reader is referred to this publication for specific details. In general, it appears that xanthophores and erythrophores are stimulated to expand by intermedin; often xanthophoric responses parallel those of melanophores. This conclusion is derived from experiments involving alterations in background illumination, hypophysectomy, and administration of intermedin preparations or hypophyseal extracts. Apparently, xanthophores of elasmobranch fishes respond similarly to intermedin. The fact that intermedin evokes expansion in both melanophores and xanthophores suggests that a common mechanism may be involved in both responses. This is strengthened by the observation of Wyman (1924) that caffeine causes both melanophores and xanthophores of Fundulus to expand.
Among amphibians there is only little evidence that xanthophore responses are involved in physiological color change. Earlier studies indicate that the state o£ xanthophores of larval R. pipiens (Bagnara, 1959) is not affected by hypophysectomy or by administration of intermedin. Xanthophores in isolated pieces of skin of adult R. pipiens are similarly unresponsive to intermedin. Absence of the hypophysis has no apparent effect on the state of xanthophores of larval Pleurodeles waltlii (Wadell, 1967) . Recently, the first positive indication was obtained that xanthophores can participate in physiological color change. Bagnara, Taylor, and Hadley (1968) found that xanthophores in isolated pieces of skin of adult Hyla arenicolor that are maintained in Ringer's solution are contracted; however, subsequent to the addition of intermedin to the medium they expand. Moreover, we have observed in some preliminary experiments involving skin transplantations, that axolotl xanthophores may respond to hypophyseal stimulation. In view of these conflicting observations, it is at this stage impossible to make any general conclusions about the role of amphibian xanthophores in physiological color change. It may be said, however, that at least with respect to some amphibians, intermedin brings about expansion of xanthophores much like it does in fishes. It should be pointed out, also, that amphibian xanthophores are exceedingly difficult to see, and that this may partly account for the paucity of positive observations.
MORPHOLOGICAL COLOR CHANGE

Iridophores
While the majority of information available about morphological color change at the iridophoric level pertains to amphibians, the first quantitative determinations were made on fishes. Sumner (1944) found that Girella maintained on white backgrounds for long periods of time had expanded iridophores and contained about four times more guanine than similar specimens that had been kept on black backgrounds and displayed contracted iridophores. Among amphibians, differences in purine content apparently are controlled by intermedin. Hypophysioprivic tadpoles have a much higher integumental content of purine than do intact tadpoles (Bagnara, 1958; Bagnara and Neidleman, 1958; Stackhouse, 1966) . With respect to both fishes and tadpoles, the expanded state is accompanied by a high content of purine whereas contracted iridophores have a lower purine value. Information of this type has long been used to support the concept that morphological color change is the necessary consequence of prolonged physiological color change. That this is not always the case with iridophores has been demonstrated recently by Taylor (1967) who observed that adult tree frogs lose about half their content of purine following injections of intermedin while the relative state of expansion or contraction of the iridophores remains essentially unchanged. The cytological basis for this in termed in-induced alteration in purine content has been demonstrated by Taylor (1967) . With the aid of the electronmicroscope he was able to show that the reflecting platelets of iridophores from intermedin-treated frogs are thinner than those from control animals. Moreover, the platelets display a general change in conformation that is apparently related to the mobilization of purines from the edges of the organelle. This is a manifestation of an intermedin effect at the organellar level.
The role of intermedin in depressing the expression of iridophores and their pigments is an important one in the development of amphibians. In hypophysioprivic larvae of R. pipiens, the lack of intermedin permits such an extravagant deposition FIG. 6 . Hypophysioprivic larva of Xenopus showing iridophores of the tail fin. X 3 of purines that the whole dorsal surface is covered by a shimmering sheet of pigment. Iridophores are never seen on the dorsal surface or in the fins of Xenopus larvae. However, they stand out strikingly in hypophysioprivic individuals (Fig-6) . Presumably, iridophores (or perhaps iridoblasts) are present even in intact larvae, but synthesis or deposition are prevented. A similar condition occurs with salamanders {Ambystoma, Pleurodeles) wherein hypophysioprivic larvae demonstrate large masses of iridophores on their gills and tail fin in contradistinction to intact controls (Fig. 7) (Wadell, 1967) .
Xanthophores
Quantitative determinations of morphological color change in fishes are rather lacking; however, in some species such changes in color are so obvious that they can be made empirically. An extreme example of this occurs in goldfish wherein xanthic individuals can be induced to melanize under hypophyseal stimulation (Chavin, 1956 ). Loud and Mishima (1963) observed that melanization occurring in cultures of xanthic skin, in the presence of ACTH, is the result of the appearance of melanin granules within existing xanthophores. This melanization occurs in large bodies which are suggested to be pterinosomes (Bagnara, 1966) . In goldfish erythrophores, Matsumoto and Obika (1968) showed that these large bodies are indeed pterinosomes and that they contain tyrosinase and a tyrosinaseinhibitor. Moreover, they imply that the relationship between this pterinosomal tyrosinase and its inhibitor may be the basis for controlling melanization of the xanthophore.
Morphological color change in the amphibian xanthophore is clearly represented by the action of intermedin on the pteridine content of these cells. After the initial demonstration that the dorsal integument of intact frog larvae has a higher content of pteridine than hypophysioprivic individuals, it was demonstrated that the level of pteridine could be increased by injecting intermedin (Bagnara and Neidleman, 1958; Bagnara, 1961; Stackhouse, 1966) . Similar results were obtained with hypophysioprivic P. waltlii larvae (Wadell, 1967) . Both Bagnara (1966) and Stackhouse (1966) possible reciprocal relationship between the effects of interniedin on xanthophores and on iridophores. In addition to the role of the hypophysis on pteridine pigments of xanthophores, there is good evidence that the carotenoid component of these cells is also under such influence. From her experiments on Pleurodeles, Wadell (1967) has concluded that normal larvae have a higher integumental carotenoid content than do hypophysioprivic siblings. Whether this difference is attributable to intermedin is not known. There is some indication that the thyroid may play a role in pteridine changes. It is well known that pteridine patterns in the skin of amphibians are changed following metamorphosis (Bagnara and Obika, 1965) and in experiments involving localized application of thyroxine to Pleurodeles larvae it was found that regional metamorphic events included the disappearance of a specific pteridine (Bagnara, 1964c) .
GENERAL EFFECTS
Because of their very position above the melanophores, xanthophores and iridophores of the dermis play an important role in color changes of adults of many anuran species. They are primarily responsible for imparting pale coloration and, in order for the frog to darken, their pigmentary effects must be diminished. This is accomplished by an association of the underlying melanophores with the iridophores and xanthophores; together they comprise "the dermal chromatophore unit" that has been described recently in detail (Bagnara, et al., 1968) . When a frog such as R. pipiens darkens following the administration of intermedin, melanosomes migrate from their perinuclear posi-tion to occupy melanophore processes which extend upward and around the iridophores terminating in finger-like extensions between the iridophore and the xanthophore (Fig. 8) . In this fashion, melanosomes almost completely obscure the reflecting surface of the iridophores. At the same time, the pigmentary role of the iridophore is minimized by the fact that it contracts under the influence of intermedin. In this process the role of the xanthophore is a passive one. Presumably, it acts much like a yellow filter and thus allows for the expression of green or yellow coloration.
DISCUSSION
In reviewing the literature on pigmentation, a feature that stands out preeminently is that there is still a tremendous lack of knowledge concerning the control of bright colored pigment cells. This is especially true for fishes wherein most of the definitive publications were made some time ago before the availability of certain purified hormones such as intermedin. At this point we can probably safely say that in many fishes the hypophysis plays a dominant role in physiological color changes involving the xanthophore. In all probability intermedin is the actual hypophyseal agent involved, although Chavin (1956) has emphasized the role of ACTH in melanophoric responses of fishes. It is striking that the response of the xanthophore, in this respect, is like that of the melanophore; it is contracted in the absence of the hypophysis and expanded in intact animals. Moreover, hypophyseal extracts expand xanthophores. Similar parallel responses between melanophores and xanthophores occur in adaptation to backgrounds, with the striking exception that xanthophores show a preferential expansion on a yellow background (Pickford and Atz, 1957) . Whether this preference is attributable to a modifying control mechanism, such as the nervous system, is unknown. In fact, the role of the nervous system in the general control of xanthophores is in need of further study.
Parallelism between the responses of xanthophores and melanophores provides an interesting target for speculation and suggests several avenues of research. For example, xanthophores and melanophores may be more closely related to one another than one might think. In part, this is derived from the fact that hypophyseal influence is such that the responses of both melanophores and xanthophores are in the same direction; even in the few cases among amphibians where xanthophores are considered to be under hypophyseal control, they expand along with their neighboring melanophores just as occurs in fishes. Additional possible evidence for this close relationship between xanthophores and melanophores is derived from the melanization which occurs in goldfish after exposure to ACTH (Chavin, 1956) .
In addition to calling attention to the paucity of knowledge about certain areas of the biology of bright colored pigment cells, the major contribution that this review can make is to enumerate some of the newer discoveries pertaining to the physiology of the amphibian iridophore. The fact that the intermedin effect of causing iridophores to contract can be mimicked by other agents such as cyclic 3', 5'-AMP and methylxanthines is interesting because these agents also bring about melanophoric responses. It would appear then, that despite the fact that these two completely different types of pigment cells respond in an opposite way, contraction of iridophores as opposed to expansion of melanophores, they must each have similar receptor sites. This view gains additional support from the fact that the effects of intermedin on both iridophores and melanophores can be reversed by the administration of catecholamines or triiodothyronine. That they may have, at the same time, different receptor sites is derived from the fact that while dermal melanophores are sensitive to melatonin, iridophores are not at all responsive to this agent. In considering this fact that intermedin brings about opposite responses in the two pigment cells, the reader must not be misled to consider this a real paradox. Actually, from an ecological point of view, the amphibian can better adapt by using this double mechanism. When it is necessary for the frog to lighten, this can be accomplished partially by a contraction of melanophores and it can be enhanced by the expansion of iridophores. When the amphibian darkens, presumably intermedin stimulates the melanophores to expand and at the same time it brings about contraction of iridophores to reduce further the light-reflecting surface of the animal.
With the increasing use that has been made of the electron-microscope in pigmentary studies, a new dimension has been added to our understanding of these cells. For example, with respect to the morphological effect of intermedin on iridophores or on xanthophores we were able, by the use of chemical or chromatographic techniques to show that this hormone decreases the amount of purines and increases the level of pteridines in the skin of larvae (Bagnara, 1966) . By coupling these studies with electron-microscopic observations, Taylor (1967) was able to show that the administration of intermedin to various amphibians actually modifies the form of the reflecting platelets that contain these purines. Thus far the action of intermedin on pterinosomes has not been studied. Many other problems concerning these cells are amenable to study with the electron microscope, including: the mechanism of movement of reflecting platelet or pterinosome in the process of expansion or contraction, the origin of both pterinosomes and reflecting platelets, the origin and position of the carotenoidcontaining structures of the xanthophore, and the effects of intermedin or other substances on all of these processes.
In the course of this review we have been able to enumerate some of the major facts about the control of iridophores, xanthophores, and erythrophores of fishes and amphibians. We hope that some of the newer observations which were presented about amphibian chromatophores will stimulate further research not only on amphibians but on fishes which are in need of further investigation in the context of modern techniques and knowledge.
